Introduction
Civil engineers are rightfully proud of their legacy. Over the past century, clean water supplies have extended general life expectancies. Transportation systems serve as an economic and social engine. New bridges, blending strength and beauty, speed transport and bring communities closer together. Public and private construction, for which engineers provide the essential underpinnings of design and project oversight, produces hundreds of thousands of jobs and drives community development. From the functional and beautiful Golden Gate Bridge in the U.S., Petronas Towers in Malaysia, and Pont du Gard in France to the largely hidden water supply and sanitary sewer systems, civil engineers have made their mark, day in and day out, in many aspects of the daily life of essentially everyone around the globe.
Civil engineers know they cannot rest on their laurels. An ever-increasing global population that continues to shift to urban areas will require widespread adoption of sustainability. Demands for energy, drinking water, clean air, safe waste disposal, and transportation will drive environmental protection and infrastructure development. Society will face increased threats from natural events, accidents, and perhaps other causes such as terrorism.
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The Summit and Its Purpose
The Summit on the Future of Civil Engineering was convened in response to the status of, concerns with, and opportunities for the civil engineering profession. A highly-varied group of civil engineers, engineers from other disciplines, architects, educators, association and society executives, and other leaders, including participants from eight countries in addition to the U.S.
(Australia, Canada, China, England, Japan, Mexico, South Africa, and Tunisia) attended. All gathered in Landsdowne, Virginia from June 21 to 23, 2006 to participate in the Summit.
The Summit's purpose was to articulate an aspirational global vision for the future of civil engineering addressing all levels and facets of the civil engineering community, that is, professional (licensed) civil engineers, non-licensed civil engineers, technologists, and technicians. The Summit's goal reflects the organizers' and the participants' preference of choice over chance. Statesman William Jennings Bryan highlighted those options when he said: "Destiny is not a matter of chance; it is a matter of choice." Broadly speaking, there are only two futures for civil engineering around the globe; the one the profession creates for itself or, in the void, the one others create for civil engineering. Civil engineers came to the Summit to choose their profession's future.
Process Used to Plan, Facilitate, and Follow-Up on the Summit
The idea of holding a Summit on the Future of Civil Engineering surfaced a number of years ago with detailed planning beginning in earnest in the summer of 2005. A Task Committee (TC) representing various elements of industry, government, academia, age, and gender was selected to plan, conduct, and report on the Summit. The individuals on the TC were chosen because of their past involvement in discussions about a Summit as well as their expertise in conducting strategic planning efforts and similar activities.
The first major task of the committee was to define the format for the Summit which was determined to be a series of facilitated roundtables on various topics. The Summit would begin with an overall vision of the future provided by a noted futurist. Each roundtable would be preceded by an invited presentation on a specific topic and a concluding Summit activity would focus on crafting a series of visions.
Stephen Bechtel, Jr. and Patricia Galloway were invited to serve as honorary co-chairs of the Summit. Parallel to the Task Committee's activities, the ASCE Foundation began an effort to raise the necessary funds to conduct the Summit. The TC researched and discussed the meaning of vision. Some vision definitions discovered during this process are:
• "A mental model of a future state of a process, a group, or an organization."
1
• "A cognitive image of the future which is positive enough to members so as to be motivating and elaborate enough to provide direction for future planning and goal setting."
2
• "A mental image of something that is not perceived as real and is not present to the senses" "…produced by the imagination." 3
• "An image (not just an idea) of an attractive (compelling) future state unique to a group, organization, or community that gives meaning to effort [and] motivates people to work together in the turmoil of a changing world." 4
• "A useful vision statement answers these questions: How will we be different or better? What new roles or areas will we cover? What new measures of success will we have achieved?" 5 Based on input like the preceding, "vision" as used at the Summit and in this report is mental, cognitive-not reality, or even close to reality, as we know it today. It is influenced, at least in part, by imagination, reflective of actual or desired values, and focused on "what," not "how." Finally, a vision is stimulating, energizing, engaging, and inclusive. In contrast, a vision is not, and does not contain, the means to achieve it. Nor is a vision the next logical or evolutionary improvement in a process, group, or organization, as important as that may be. This understanding of vision was shared with Summit participants.
A key factor in the Summit's success was the use of ASCE staff as trained facilitators. In addition to the primary facilitator, a secondary facilitator served as a recorder. Facilitators Page 12.360.4
prepared by reading the advance material sent to the Summit participants and by participating in training which included separate mock facilitation session.
The TC believed that the traditional process of having a report after each breakout by a member of each breakout group would not be effective. Having a recorder take real time notes allowed the creation of theme teams. Each theme team consisted of four members of the TC and after each of the breakouts, a theme team met and, using the notes from the various breakout tables, compiled a consolidated report. That report was then presented to a plenary session for feedback and comments. This process was very effective and captured a great deal of information.
Immediately after the conclusion of the Summit, the TC met to review the information and determine the next steps for writing the report. Writing and other tasks were assigned and a schedule for completion of the initial document was established.
Once the draft report was completed, it was circulated to the Summit participants for their review and comment. A final draft 6 was reviewed by a wider audience, both within and outside of ASCE. A final report, reflecting the results of that wide review, will be issued in 2007.
Vision
The Summit produced a series of aspirational visions stimulated by participant views of the world of 2025. The resulting integrated global aspirational vision is:
Entrusted by society to create a sustainable world and enhance the global quality of life, civil engineers serve competently, collaboratively, and ethically as master:
• planners, designers, constructors, and operators of society's economic and social engine, the built environment;
• stewards of the natural environment and its resources;
• innovators and integrators of ideas and technology across the public, private, and academic sectors;
• managers of risk and uncertainty caused by natural events, accidents, and other threats; and
• leaders in discussions and decisions shaping public environmental and infrastructure policy.
As used in the vision, "master" means to possess widely-recognized and valued knowledge and skills and other attributes acquired as a result of education, experience, and achievement. Individuals, within a profession, who have these characteristics are willing and able to serve Page 12.360.5
society by orchestrating solutions to society's most pressing current needs while helping to create a more viable future.
Profile of the 2025 Civil Engineer
The Summit addressed this question: What could civil engineers be doing in 2025? Addressing this second question naturally led to describing the profile of the 2025 civil engineer, that is, the attributes possessed or exhibited by the individual civil engineer of 2025 consistent with the preceding aspirational vision for the profession.
Attributes may be defined as desirable knowledge, skills, and attitudes. As used here, knowledge is largely cognitive and consists of theories, principles, and fundamentals. Examples are geometry, calculus, vectors, momentum, friction, stress and strain, fluid mechanics, energy, continuity, and variability.
In contrast, skills refer to the ability to do tasks. Examples are using a spreadsheet; continuous learning; problem solving; critical, global, integrative/system, and creative thinking; teamwork; communication; and self-assessment. Formal education is the primary source of knowledge as defined here, whereas skills are developed via formal education, focused training, and certain onthe-job experiences.
Attitudes reflect an individual's values and determine how he or she "sees" the world, not in terms of sight, but in terms of perceiving, interpreting, and approaching. Examples of attitudes conducive to effective professional practice are commitment, curiosity, honesty, integrity, objectivity, optimism, sensitivity, thoroughness, and tolerance. The Summit identified many and varied attributes, organized into the preceding knowledge, skills, and attitudes categories. The results are presented here.
The civil engineer is knowledgeable. He or she understands the theories, principles, and/or fundamentals of:
• Mathematics, physics, chemistry, biology, mechanics, and materials which are the foundation of engineering • Design of structures, facilities, and systems • Risk/uncertainty such as risk identification, data-based and knowledge-based types, and probability and statistics • Sustainability including social, economic, and physical dimensions • Public policy and administration including elements such as the political process, laws and regulations, funding mechanisms • Business basics such as legal forms of ownership, profit, income statements and balance sheets, decision or engineering economics, and marketing • Social sciences including economics, history, and sociology • Ethical behavior including client confidentiality, codes of ethics within and outside of engineering societies, anti-corruption and the differences between legal requirements and ethical expectations, and the profession's responsibility to hold paramount public health, safety, and welfare Page 12.360.6
The civil engineer is skillful. He or she knows how to:
• Apply basic engineering tools such as statistical analysis, computer models, design codes and standards, and project monitoring methods • Learn about, assess, and master new technology to enhance individual and organizational effectiveness and efficiency • Communicate with technical and non-technical audiences, convincingly and with passion, via listening, speaking, writing, mathematics, and visuals • Collaborate on intra-disciplinary, cross-disciplinary, and multi-disciplinary traditional and virtual teams • Manage tasks, projects, and programs so as to provide expected deliverables while satisfying budget, schedule, and other constraints • Lead by formulating and articulating environmental, infrastructure, and other improvements and build consensus by practicing inclusiveness, empathy, compassion, persuasiveness, patience, and critical thinking
The civil engineer embraces attitudes conducive to effective professional practice. He or she exhibits:
• Creativity and entrepreneurship that leads to proactive identification of possibilities and opportunities and taking action to develop them • Commitment to ethics, personal and organizational goals, and worthy teams and organizations • Curiosity which is a basis for continued learning, fresh approaches, development of new technology or innovative applications of existing technology, and new endeavors • Honesty and integrity, that is, telling the truth and keeping one's word.
• Optimism in the face of challenges and setbacks recognizing the power inherent in vision, commitment, planning, persistence, flexibility, and teamwork • Respect for and tolerance of the rights, values, views, property, possessions, and sensitivities of others • Thoroughness and self-discipline in keeping with the public health, safety, and welfare implications of most engineering projects and the high-degree of interdependence within project teams and between such teams and their stakeholders Many of the preceding attributes are shared with other professions. Civil engineering's uniqueness is revealed in how the attributes enable the profession to do what it does and, more importantly, to become what it wants to be. This is inherent in the global aspirational vision.
Student Response
Forty-four University of Delaware first-year engineering students in the Introduction to Engineering class were asked to read a draft of the Summit report and write a one to two-page essay. Topics to be addressed in the essay were the aspirational vision, the portrayal of the civil engineer's world of 2025, and the report as a whole. A sampling of comments from different students follow: Page 12.360.7 "I commend the selected civil engineers for trying to be prepared and ahead of the game."
"This vision seems to make civil engineers out to be one of the most important professions in society."
"It amazes me that civil engineers can come together… to create goals that will benefit the entire community."
"I personally would like to be a part of this field because I know I will get the chance to make an impact on society and help people."
"The civil engineer is a truly amazing person… intelligent, charismatic, and powerful."
"I had no idea how important civil engineering was, and from what I have heard, seen, and read from this class and this report, I am definitely leaning towards this specific area of engineering."
Professor Michael Chajes, who taught the course, reported that "the students were virtually unanimous in liking the report." Chajes stated that "we have developed a document that captures the imagination of young engineers."
Perhaps the final report, or summaries of it, can be used to more fully inform prospective and current civil engineering students, parents and counselors of pre-college students, and others about the civil engineering profession of today, and more importantly, tomorrow.
What Next?
The aspirational vision presented in the vision report represents a beginning-the springboard to launch a sustainable, influential process so that the vision for civil engineering in 2025 can be attained. The Summit's sole goal was to define this aspirational vision; it was not to create the roadmap on how to achieve it. That map-making begins now.
The vision gives leaders a target to guide their policies, plans, processes, and progress on a broad and diverse front, within and outside the engineering community. In moving forward, leaders in the civil engineering community should recognize that:
• A variety of partners must be engaged, and opportunities for collaboration and action identified.
• The international engineering community must also be engaged to maximize the reaches of the vision to the global civil engineering community.
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• The public and policy-makers must be engaged so that the profession serves society to the fullest.
• The education and training of future civil engineers and the continued development of today's civil engineers must include and go beyond the required technical competencies.
Forging a long-term action plan to achieve the vision will require input and cooperation from a diverse group of leaders and organizations. Individual leaders within the civil engineering community must build awareness and excitement for achieving the vision. Additionally, civil engineering organizations have to create momentum toward the attainment of the vision within their organizations. Specific opportunities to present the vision for 2025 at board meetings, annual conferences, and the like must be identified and pursued. Organizations need to share knowledge and work together to make measurable progress toward the vision.
In addition to technical and professional organizations, client-related organizations must also be engaged. Finally, civil engineers must also engage the public-the primary beneficiaries of civil engineering services. Such efforts among individuals and organizations around the world will be key to the achievement of the vision.
Several aspects of the vision relate to the civil engineer's interaction with the public. Civil engineers aim to be-and be perceived as-trusted advisors to the public and policy-makers regarding infrastructure. To accomplish this, civil engineers must show the public how their services daily touch the public and improve lives. In particular, the civil engineering community must increasingly seek opportunities to use its abilities to improve the quality of lives in more areas of world. Now is the time to develop workable and economically-feasible solutions to the world's infrastructure needs. The public must be engaged in this continuing process to raise the quality of infrastructure.
Today's civil engineers will need to transform themselves to meet the challenges of tomorrow. They must stay abreast of changing technologies, market trends, and business developments. Moreover, they must cultivate the new technologies, direct the market, and develop new business practices to lead the transformation into tomorrow.
Educating future civil engineers is also an essential component of the vision for the civil engineering profession in 2025. Fulfilling the vision requires an expanded set of knowledge, skills, and attitudes, highlighting the need for curricula reform today to develop that knowledge and those skills and attitudes needed in 2025. Colleges and universities must examine their curricula as they relate to the future civil engineer so advancement toward the vision can be realized. Similarly, experienced engineers should coach and mentor younger engineers, especially during the pre-licensure period, with the goal of enhancing knowledge, skills, and attitudes acquired during formal education.
U.S. civil engineers can be catalysts in sharing the vision with the global civil engineering community. The surest path to success is the integration of knowledge from civil engineers within a broad range of economies, cultures and circumstances. Conferences conducted by international engineering groups, such as the World Federation of Engineering Organizations, Page 12.360.9
are excellent vehicles for obtaining concurrence and determining a direction for the international civil engineering profession of 2025.
Collective, long-term actions to help achieve the vision might include:
• A more robust educational path for civil engineers that prepares them for leadership and provides the multifaceted non-technical skills to serve on projects affecting the public good.
• A more clearly defined organizational structure for the engineering team, where the licensed civil engineer takes on the role of master program/project integrator.
• More civil engineers involved in public policy forums where future directions for society are developed and where civil engineers can gain the public's trust.
• More civil engineers elected to public office where they can directly influence infrastructure and sustainability policy and legislation.
• A greater level of collaboration and communication among civil engineers and those nonengineer stakeholders, seeking to balance a sustainable environment with needed infrastructure.
• Increased research and development to mitigate the effects of natural disasters, with civil engineers playing a leading role in devising and implementing the innovations.
• Greater education and training of engineers in ethics and a greater emphasis on ethics in global engineering practice, allowing engineers to serve as role models.
• Sharing the vision with pre-college students, and their parents and counselors, to better inform them about the profession and thus attract even more of the best and the brightest to the profession.
Summit organizers hope that these first sketches of possible action will cause individual members of the civil engineering community to contemplate how they, their organizations, and their countries can begin planning and implementing the next steps to making this vision a reality. This will be no small task. However, a united civil engineering community can start the hard work that will ultimately fulfill that promise.
